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;he gtixer2.l ccxcluslon sssms sbvious that the speed 

required for spceflight nust be very high -- but 
exactly how Egh? 

,o axswer this q - ~ e s ~ i o n  by sinply experlmentiriK with 

k i g h  speed projectiles arid rockets until one was fowd 

wi:,;ic'n could circumavlgate the earth would be prohibi- 

lively expensive arid daceerous,  

Yepkistopheles advise ?aut on a very different problem,. , .  
"We carnot storm the r,oiz~ri, in s h o r t ,  so mus't to strataEem 

T ~ S C I T ~ . ' :  And t h e  strazagem for this impasse, as for 

a x y  others In space2ligkt, is mathematics. Indeed, 

XES ?articular problex xas solved nearly three hundred 

It is obvious also that to attempt 
4- 

Thus, as Goethe had 

years ago by I sazc  Newton as parr; or" his general problem 
02 ,,on xentioned above, and it turns out that the 

reqcired spsed is jusz under 5 miles per second. Kowadays, 
. b- c we call -cne related field of physical science Mechanics, 

5 T I L  '. . 
and the ap$Licable branches of mathematics are the i 

Clffsrectial and Integral Calculus, and Differential 

Zquszions. 

considering whether such a spacecraft travelling around 

More specific scientific areas result when - 
\ i 

the earth is or is not afl'ected by forces other than 

gravitation, such as alr resistance. If there is gravita- 

%io2 Zion& (che simpler case) the scientific field is 

caiie5. celestial mechanics, and all the mathematical 

xhecr ies  of orbital mot ion ,  worked out by Newton and his 



* 

fellc-,:.ers f o r  xazcral c e l s s t l s l  objects, may be a p $ - l e d  

tz t he  r r o t l o n  of an artificial spacec ra f t  t o  de t e ra ine  

o r  -v-ae-ict L& ' 2  i z s  p a h  i n  space. Bat, if t h e  spacec ra f t  

zotion i s  a f f e c t e d  i n  addi t ion  by a i r  f r i c t i o n ,  t h e  

s c i e r ~ c e  of aerodynsnics, a l s o  founded by Rewton, must 

be iriclu5ed t o  develop a complete rnazhenatical form of  

:kz s p c e c i a f ~ ~ s  d i f f e r e c t i a i  equazion of motion. 

xcst l o c k  t o  t h e  sc i e rxe  02 geo>hysics t o  supply a mcidel 

cf the earth's atnosphere s o  zka t  t h e  aerodynamic f o r c e  

2 2  :he eqiLat ion o f  no t ion  w i l l  be a c o r r e c t  and workable 

Ilx-ction or" t k e  he ight  ajove t n e  e a r t h  o f  t h e  spacecraf t .  

Zx xurr-s oc t  t h z t ,  f roz ;  Theoret ical  considerat ions of  

gravizy Zor=.cs and g a s  p re s sa re ,  sir dens i ty  falls off 

sx7ore r i t i a l ly  with ke lgh t ,  s o  t he  reqc i red  func t ion  i s  

bLa..-s;&Cental. 3 e  d i f f e renc ia1  equation of motion i s  

2 za-kematical sT;ate"Yent of  Xewto:T's second law of  motiom, 

--n ,--.--- 

I,, - - n  ,- , - -  bpvL.ck -,ne rcceisrzLion i s  expressed a s  t h e  second 

derl-:ztive o f  pos i t i on  w2th respec t  t o  time, and the  mass 

me zll f o r c e s  involved are func t ions  o f  pos i t i on  ana 

- -  UiZe. 

Anozher z a t h e m t i c a l  c h a r a c t e r i s t i c  or" space f l igh t  

 nick diszirLgulshes i t  I'rorn a l l  o ther  previous a r t i Z i c i a 1  

-,ravel i s  -,hat, on a large s c a l e ,  i L  i s  f u l l y  three-  

dime;-isicnal. A i l  o t h e r  xoverner,t planned by man i s ,  
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-oe;acr---, . -  77  - 

u - A c  "^., &a; is, e s s m t i a i l y  ;ravel w i t h  freedox Ir, 

J C ~ J ,  J ~ s t  a creepir-g alar-g o r  Lear t h e  su r face  of 

-',-- ,,,+;, - 

-,,*r-. w . . d  -__._ ; ; - s r  ,__sior?s only. ii-ideed, except for exact conslesra- 
- -  ,loa~ of n a v l g s z i o n  o n  r e l a t i v e l y  long ocean and a l r  

~ ~ i p s ,  t he  e a r t h ' s  sur face  C Q U ~ C  even be considered as 

- -- jusz a s  I t  always was SeZore Colmbus. 

L r a v e l  c x s i l y  I^ollows the e a r t h ' s  su r f ace  within t e n  

i 

Even a i r  
i 

, I l es  -- ~ u c h  Less than devia t ions  f r a m  t he  t r u e  spheri-: 

c r l  shar,e of  m ~ c h  of ths earth's sur face .  

s s a c d ' l l g k t  dic can r e a l l y  ackleve t h r e e  degrees of 

~ r s s & c x  in ar~lficlsl ~ o t Z e n .  

Only with 

9 

rn- ILUS sirice The positions a r d  motions of space- 

cyal't aust be s tudied and descr ibea i n  t t r e e  dimenslons, 

t,T;e mathenaticlan s o  engaged n ~ s t  be familiar and expert  

w i t h  S o l i d  C-ecmecry in a l l  i t s  form and ramif icazions.  

Ci' c c u r s e ,  t he  Cartesi3.n a n a l y t i c  geometry is most 

izportant here a s  being the  LSLEL~ matkematical fornula- 

:ion of a n a l y t i c  mecha~lcs f o r  stzdying motion. 

z'ne Eore genera; conceptiocs or' the Zuclidean approach 

to S c l i d  Geomecry a r e  o f t en  e spec iz i ly  user"u1 i n  la rge-  

s c a l e  space po 'dems f o r  t he  purpose of grasping the  

z v e r a l l  si:-xtion before tearing i t  into unrecognizable 

d e t r i - s  by a lgeb ra i c  and n m e r i c a l  analyses .  

c o n l z  sec t ions  i n  secoxdary school geometry i s  a most  

val-~;';le bas i s  for mathematical work on problems of 

- _ I  

Eovever? 

1.. Study of 
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7 - .  7 s p c e ; ~ i g : ? ~  o r b i t s  abc;;; s p k e r o i d a i  bodies,  whick a r e  

_,,,,,enzally -----A 37-r- conic  sec-cion e x r v e s  and sur faces  ~f 

rt3vclldzioE, respec t iv2 ly .  

d 2ar-cic-iLa: Tieid or" basic  islportance f s y  any 

s tudy of ou ter  space -- o r  even for navigating f a r  

=.eac'r,es o f  t're oceans and a i r  of  t h e  ear t i ;  -- i s  t h e  

geoze t ry  c' -,hz s.;'r,ere. T'ce s h y , a l t k o - ~ g h  acxual ly  
- -  

+--.--n , d G ~ ~ r L s l ,  z g p a r s  t o  -is as a D l ' i i e  sphere h-ith t h e .  

o b s z v e r  a t  its center .  

o f  r e l a t i v e  p o s i x i ~ ~  zn5 noi2ons o f  heavenly bodies,  

_--_ d u - c z ~  astrcneriy :-,as, :or mar-y cen tu r i e s ,  found 

, 

Hence, for precis& discuss ion  

T-n c. -'r "" A - i 1 

s;zericai  gecmstry azd zrigonometry most  uszl'ul -- 
indeed, I t  i s  l i k e l y  t h a t  These branches of  rz thematics  

were Invsnted largely for t h i s  purpose. Landmarks 

dur2.g space l l i gk t  can be riczhing but The apparent 

c? i recz iozs  of  c e i z s t i a l  bodies. We are forzunate ,  

thereZore ,  t h a t  xhe accmula t ed  fund of knowledge and 

przcu lce  i n  s 2 h e r l c a l  asLrocomy sxands ready, a f t e r  

b ~ : t  l i t t l e  adspaZion ,  f o r  app l i ca t ion  t o  matheEazica1 

problems of  spaceflight. 

So far we have 'ce2.n tfil:-king only of t he  t r ans -  

lazional mo-cion of a s s s c e c r a f t ,  t h a t  i s ,  the  v e l o c i t y  

a ~ d  aceeleraxion of  i z s  center  of  g r a v i t y  point.  

t k s  ro-caticnal zo-cion of t h e  body o f  t he  s p a c e c r a h  i s  

j ~ s :  a s  imparzant, m: o ~ i y  t o  plan for and t o  con t ro l  

3zt 
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;. r. c l l r e c t i a  or' z h ~ - - +  ab,, or' zke rockecs -daich acce;L-zte 

i- 
A v ,  3-2; a l s o  ;G zake s c r e  t h a t  d i r e c t i o n a l  i n s t r m e n x s  

2boz.rd are p i n t i r i g  %icere we warit them to .  %us t he  

TV caxera aSoard xust t e  paLriz21g t o  i n t e r e s t i n g  p a r t s  

o-", S h y ,  t h e  Moors, Venus, or Ears, while at t he  same 

bLce 2 c s  d i recc iona l  ar,te,nm i s  polnting toward t h e  - 7  

9" LaLzk ,  7- so t h a t  w e  nay get  the  val>Lable p i c tu re s  such 

rrskes jus-, cke c c r r e c t  asgle w i t h  e m e r a  o r  rocke t ,  s o  

;h?,at ? if i t  I s  pointed tovard a particular c e l e s z i a l  

ckject, caaera 2nd rocket  w i l l  S e  c o r r e c t l y  or iented.  

You :ay rzcall t h a t  c h e  spacecraf t  Mariner I V ,  now 

heac& for :<sys, was ro t a t ed  i;y small  t a n g e n t i a l  rockexs 

a t t ache6  :o ic uinitll its photo-sensor p o i c t e d  tovark t k  
s'"?7 baA Cacopus. To design t k i s  s i t u a t i o n  requir2-t Sc?,_eric.;l 

lP-' - L L i k ~ A , u ~ e t r y  acb Astronomy to calculate t h e  s p a t i a l  

o r i snxa t ion  of  Canopus with respec t  t o  t h e  required 

s p c e c r a f t  o r b i t .  Y l i s  o r b i t ,  i n  tu rn ,  had t o  be 

>lzrAzed csing t h e  S i f f e r e n t i a l  Equations of  C e l e s t i a l  

?robe 'zy i S s  a t tached rockets could be computed o n l y  

by ~ s i ~ r - g  t'ne mathematical theory o f  rocket  mechanics. 
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The r o t a t i o n z l  x o t i o n  o l  2 crafi ,  i n  the  zero- 

g ~ s v i x y  of  m t e r  space kas a conC?;lor i  of complete 

freeccn wkich i s  en-cirely beyond our experience on the  

ground, where g rav i ty  always produces i nce r fe r ing  

torques .  A s  a r e s u l t  o f  tn is  freedom, the  a x i a l  rotation 

of a s a t e l l i z e ,  a f t e r  marLy days and weeks i n  o r b i t  aroun5 

the e a r t h ,  showssurprisingly large changes of speed ana 

C i i r e z t l o n  due t o  centin-ced appl icaxion of torques 

~ma--  as LO be cocpletely n e g l i g i b l e  i n  the  mechanics of  

an eartk-jound r o t o r .  

observed s teady slowing ';p of  rcany s a t e l l i t e s  

so 
L - -  

Arr exaxpls of such effect i s  the 

ro t az ion  
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1 7  65' s-zck G z a t u r e  t h z t  xhe r~ti3 i3.1 z e c l k e  ol' t he  i c g a r l t k x  

- 2  L- c -- z a ; z ; 3 ~  s??ee~  ,s ccr.s:z~'; 7L:L ~ I s l e .  %us, t k e  t i z e  

- ---7 i,- (4:zJ,"-.s G,se cf r o t s t l s n  raze  --U.y, fnnv say, pe r  secorAd :o 

2 ;e? ssec-d I s  observed t o  be tke same as t ' l e  z i z e  fcr 

l u r z k e r  Gecrease P o x  2 p e r  second 'c3 

%en before t h e r e  were aay a r t i f i c i a l  s a t e l l i t e s ,  rnazhematiczl 

r"- 
2 = 1.4 per secorAd7 E Z C .  

~ ~ ~ C ~ L S S ~ O Z ~  had pred le t ed  suck? an e f f e c t  due to an e L c ~ t ~ 3 -  

VF *- - ._ - - = g : - ~ ~ i c  t o r q ~ s  iriduced by the rciagl.ieLic f i e l d  of the e s r 3  

211 a , u , a t i ~ g  s a t e l l i t e  j u s t  a s  The r o t o r  of, an induct ioc  
< .  

7.- 7. - 
- - w L o r  I s  t ~ r x s 2  by xhe rotazlng magnetic f i e l d  of t h e  s ta tc ; .  
- 
-- order  t o  check t>Ls zheory a g a i n s t  t h e  r o t a t i o n a l  h l s t o r y  

"- z c t - a l  s & + e l l i t e s ,  it h-zs necessary t o  app ly  a combinzzion 

0: cke r r . a x e m t i c s  o f  e l e c t r i c i t y  ami magnetism, of t h e  e a r t h ' s  

h -c 

T.2 .-A-gAAezic - f -  f i e l d ,  as  well as of t h e  o r b l  o f  t he  s a t e l l i t e  i n  

q~Le?st ion.  

,;though the  axmosphere s evz ra l  hxcdred miles -22 

I s  e-,::rese;y zzre, 5;s re ta rd ing  fGrce on spacecrafz  has 

--.. d >  e c i a l e  e f f e c t ,  a complicating faczor w.i':7,icn must 

3e  ix,-cded i n  -,he ca lcu la t ion  ol o r b i t s  and r o t a t i o n .  

. .  - 
r - c-r-c--l 

7 - 2  force ~ a y  become very importact  a t  lower l e v e l s  when, 

I S  CL r een t ry  o f  t he  ?rojecz Xercury capsules,  i t  was 

Lecessary to compute the  exact pos i t i on  of landing i n  

c rde r  salvage t he  aszronaut. For t h i s  occasion, a s  

Adr  --. n 

2 s  Mars ,  zhe r"rictionz.l  'nsaxlrig nust a l s o  be computd 

p l a ~ a e c  en-cry i n t o  z x o s s h e r e s  ol" other planets  such 
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',C .a SLne 2: 8 safe desigrl. 

Tke c z e e s s i t y  cr" con-,lnual;y following a l l  o a j e c t s  
~ 2 ,,L.-z-n- have been p u  i n t o  orb2z  has requi re6  zhe r egu la r  

e c p l c p e n x  of a s - u b e r  3: pwer;'ul e l e c t r c n i c  d i g i t a l  

c D ? ; , F ~ C e r s  t o  gredlct f u t u r e  notion f rom observed p c s i t i o n s .  

L a r g e  n;zSers o-f Eathemaslcians a r e  a c t i v e  here a t  dev i s -  

2x2 r a ~ h a 3 2 t i c a l  p r s g r a s s  i n  t he  f i e l d s  suggesteci i2.Covz; 

and a l s o  t a  z'recic c11 zke pzrforxance and t o  Inter?rec-:l--s 

nmericz: resx l t s  -,r.eZ-.iced by -,he machines. For acy such 
W C  - .c l s~ lve  c o z p l t a u i o ~ .  o?eral;io,r, The f i e l d  o? mathenatlcs 

kc ow^ as i\=--- ,lcrical a a i y s i s  I s  necesszry f o r  er ' f ic ienz 

echievment  of m e a 3 . i ~ g r ' u l  resL;lTs. 

Sciexe 1; Day a l s o  be g c i s ~ i b l e  t o  devise  %useful 

~ S Z ~ T Z T ~ G C  of  the  a v a l l a s l e  -.;chine t o  t h e  s p e c i a l  m i t h e -  

xaruical o ~ e r e c i o n s  reqcired. 

us-~z, i iy  solved by S L C ~  nmer2ca l  r:istk;ods i s  Y r c ~  0, 

3y iizeiins of CoEputer 

Gne p r s z l e m  or' spacef l igkx 

n '7 

Csciz~x n ir8 j cL bory Programrrii~g , t k e t  is, pian.iL--g t he  

a n o m t s  and c i z e c t i o n s  of l a u x h i c g  rockex zhrusx so 

as to acnieve %e required o r b i t  for xhe spacec ra f t  with 

a z l n i ~ m  or' weight  and c o n s m p t i o n  of  Tuei. In such 

z disc~sslon a l l  phases o f  rocket  engineering as  wel l  

as  c r b i t a l  sc ience  a r e  potsntlzlly involved. 

c,.Lesticn Is thz t  of ?.e:iabllizy, a complicated problem 

A r e l a t e d  

--o coaCinatlons of  t he  probabilities * ?I - 1L-- b La,lS,1cs invc' vi-- _" 

02 Izilure of she Eazy hmdreds o? thocsands ol' ? a r t s  of 

t h e  rockez and I t s  a i ;x i l ia ry  instrumeats .  Such nathejxaticai  
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- i-ie s ~ a c  e c r -  ai L 3s "ranne?., one GI' lTiore lives. 
r*+ ,-,ere zre    any other exanr,les of possible a p p i i -  

c a t l m  03 vzrious Sranches of' mathematics to che f i e l d s  

of pra'slerrs requi r ing  matheaaticsl thought and teckniques 

; ~ v e  zlrescy zrisen azd w i l l  cont inue to srise as 

2strcna;i:ics cievelops new ideas and o b j e c t i v e s .  

t k e  5utlx-e nathelriaticiars -who w l i i  t ake  interest in 

a9plying t h e i r  art t o  s p a c e f i i g h t  will have an indefinite 

~ G E ~ E T  or" n e w  m a  interestlng worlds t o  conquer. 

1,- c 

Tnus 
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